Abstract-In this paper, we investigate an opportunistic relaying scheme where the selected relay assists the source-destination (direct) communication. In our study, we consider a regenerative opportunistic relaying scheme in which the direct path may be considered unusable, and the destination may use a selection combining technique. We first derive the exact statistics of each hop, in terms of probability density function (PDF). Then, the PDFs are used to determine accurate closed form expressions for end-to-end outage probability for a transmission rate R. Furthermore, we evaluate the asymptotical performance analysis and the diversity order is deduced. Finally, we validate our analysis by showing that performance simulation results coincide with our analytical results over different network architectures.
I. INTRODUCTION
In many wireless applications, users may not be able to support multiple antennas due to size, complexity, power, or other constraints. The wireless medium brings along its unique challenges such as fading and multiuser interference. This can be mitigated with cooperative diversity [1] - [3] , which is becoming very attractive for small-size, antenna-limited wireless devices. Opportunistic relaying (OR) technique has been proposed where only the best relay from a set of K available candidate relays is selected to cooperate [4] - [7] . With this technique, the selection strategy is to choose the relay with the best equivalent end-to-end channel gain which is calculated as the minimum of the channel gains of the first and the second hops under decode-and-forward (DF) protocol or with the best harmonic mean of both channel gains under amplifyand-forward (AF) protocol. However, some works have chosen the best relay-destination link as possible selection criteria [5] , [8] . Previous works have largely focused on information theoretic aspects of OR and derived outage performance results of such systems. Some of these analysis are accurate only at high signal to noise ratio (SNR) [9] - [12] . Particularly in [9] , the endto-end outage probability analysis of opportunistic relaying without direct link between source and destination nodes was presented. In addition, several works have considered the OR scheme under DF protocol in Rayleigh fading environment, where only the upper bound for the statistics of the best relay local SNR 1 was obtained [13] , [14] . Moreover, performance analysis of single relay selection for DF protocols were proposed in [15] - [17] . In [15] , Michalopoulos and Karagiannidis proposed closed-form expressions for the outage and bit error probability (BEP). However, the activated relay is selected from a decoding set, so that the input signal-to-noise ratio (SNR) is compared to a threshold before forwarding, and the diversity order was not derived explicitly. In [16] , Fareed and Uysal considered a relay selection method in a DF multi-relay network where the selected relay cooperates only if the SNR of the source-destination (direct) link is less than the minimum of the channel gains of the first and the second hops. The authors proposed an approximated closed-form symbol error rate (SER) expression. Recently, Nikjah and Beaulieu in [17] offered the first exact performance analysis of opportunistic DF relaying. The authors in [17] focused on outage probability and ergodic capacity performance metrics and the end results were expressed in integral forms.
A. Contributions of this Paper
In this paper we consider a half duplex DF-based cooperative two-hop communications where an opportunistic relaying problem is considered. We state that the objective of this paper is not to revisit path selection, but to focus on giving valid accurate analysis over all SNR regimes. Due to the shadowing, the source may or may not be able to communicate directly with the destination, so two schemes termed as fixed selection cooperative relaying (FSCR) scheme and distributed selection combining (DSC) scheme, respectively, are defined. In the former the destination combines the incoming replicas from the source and the selected relay, and in the latter, the destination selects the best link among source-destination and selected relay-destination links. Therefore, we determine the corresponding accurate closed-form expressions of the end-toend outage probability. Our analytical approach requires that we determine the probability density function (PDF) of the received SNR by and from the selected relay, called γ sr * and γ r * d , respectively. To the best of our knowledge, such performance analysis based on exact statistics (explicit form) of each hop has not been considered in the literature, and using the newly derived exact statistics, we investigate the asymptotic performance analysis and we deduce the diversity order of these schemes.
B. Organization of this Paper
The remainder of this paper is organized as follows. In section II, we introduce the system model and the statistics of each hop. In section III, accurate closed form expression for the outage analysis is derived. Finally, the simulation results for linear network are depicted in section IV while some concluding remarks are given in section V.
II. SYSTEM MODEL
In this section, we describe our proposed cooperative diversity scheme in which the source may or may not be able to communicate directly with the destination, and we note that only a selected relay from a cluster is targeted to cooperate. The source, destination, and relays are denoted as S, D and r k where k ∈ {1, ..., K}. We assume that each terminal is equipped with one antenna. We denote h sr k , h sd and h r k d as the coefficients of the channels between the source (S) and the k th relay, the source and the destination (D), and the k th relay and the destination, modeled as flat fading and Rayleigh distributed with variances σ
/N 0 the instantaneous received SNR at the destination (resp. at the k th relay) from the source and the k th relay, respectively, where E b is the bit energy and N 0 is the power of the noise. And we denoteγ sd = σ
the average received SNRs. We assume that the relays are close to each other and forming a cluster 2 and we assume that the relays and the destination receive the same average SNRsγ sr k andγ r k d from the source and the relays, respectively. Thus, we denoteγ rd =γ r k d and γ sr =γ sr k for all k. A block fading channel model for a half-duplex two-hop protocol is assumed, where S may or may not be able to communicate directly with the destination due to the shadowing.
A. Fixed Selection Cooperative Relaying (FSCR) Scheme
During the first hop, S broadcasts its information while K relays and eventually the destination listen. During the second hope, the received signal is decoded and forwarded by the best relay r * which is selected following the rule
where min (γ sr k , γ r k d ) represents a bottleneck in term of endto-end capacity [14] . Therefore, the destination combines the received signals from (S) and r * using a maximum ratio combining (MRC) detector. Hence, the combined SNR at the destination, called β, is the 2 We assume short distances between the relays compared to the distances (S)-cluster, and cluster-(D), respectively. sum of the two independent SNRs γ sd and γ r * d with the corresponding PDFs p γ sd (.) and p γ r * d (.) where
and the PDF of γ r * d may be shown to be given by (see [18] ),
whereγ =γ srγrd γsr+γ rd and iγ rd =γ ∀i = 1, 2, · · · , K. Therefore, the PDF of β = γ sd + γ r * d can be obtained by the convolution of the PDF of γ sd and p γ r * d , as
which is expressed in (5).
B. Distributed Selection Combining (DSC) Scheme
In this scheme, the destination chooses whether to receive from the direct link S-D or the relayed branch according to the instantaneous SNRs γ sd and γ r * d , respectively. Otherwise, the instantaneous SNR at the output of the selection combining (SC) detector is given by:
It can be noted that the statistics of γ DSC depends on statistics of γ sd and γ r * d . In particular, the cumulative density function (CDF) of γ DSC is given by
where the CDFs of γ sd and γ r * d , denoted as F γ sd (.) and F γ r * d (.), respectively, can be derived using the PDFs of γ sd and γ r * d in (2) and (3), respectively, as
and
where
461
III. OUTAGE ANALYSIS
A. FSCR Scheme
The outage probability of the fixed selection cooperative relaying scheme at the operating transmission rate R is given by
where Φ = 2 2R −1, and P r [γ sd < Φ] and P r [γ sr * < Φ] can be expressed respectively, as
where F γ sd (.) is the CDF of γ sd , and
which is given by (9) by replacingγ rd withγ sr . As suggested by (11) , evaluating the outage probability requires knowledge of P r [γ sr * > Φ, γ sd + γ r * d < Φ] which can be expressed as
where P r [γ sr * > Φ, γ r * d < Φ − x] may be shown to be 3 (using Corollary 1 in [12] )
Therefore, Eq. (14) could be rewritten as in (16) . Finally, with (12), (13) , (15) and (16), the end-to-end outage probability can be easily evaluated.
Lemma 1: For a source-destination pair with K potential relays in Rayleigh fading channels, the outage probability of the selection cooperative relaying scheme in the high-SNR regime, is
Proof: See Appendix A. 3 Although hsr k and h r k d are independent for all k ∈ {1, · · · , K}, hsr * and h r * d are not independent where r * is the selected relay.
B. DSC Scheme
The outage event for the DSC-opportunistic relaying scheme for a transmission rate R is given by
where Φ = 2 R − 1 and Φ = 2 2R − 1. As consequence, the end-to-end outage probability can be given by
where P (E 1 ) is given by
and P (E 2 ) is given by (21). Let us define I(., .) as
and using (9), P (E 1 ) can be found to be given by (23) where
In (21), we need also the expressions of P 21 , P 22 and P 23 which can be found by using the approximation in Corollary 1 in [12] , and can be given by
where the integral term in the right side of (25) can be written as P (E 1 ) by replacing I (a, Φ ) in (23) by I (a, ∞), which is given by
where the integral term in the right side of (27) can be written as P (E 1 ) by replacing I (a, Φ ) in (23) by I (a, Φ), and
Lemma 2:
Proof: By using the approximation in Appendix A, it is straightforward.
IV. PERFORMANCE RESULTS

A. Network Geometry
We anticipate that cooperation will perform differently as function of the positions of the mobiles with respect to the destination. Hence we study an asymmetric or linear network (LN) where we model the path-loss, i.e. the mean channel powers σ 2 ij , as a function of the relays cluster position d by σ
where ν is the path loss exponent and 0 < d(= distance s−cluster ) < 1. The distances are normalized by the distance d sd . In these coordinates, the source can be located at (0,0), the destination can be located at (1,0), without loss of generality, and the relays are located at (d,0).
B. Simulation Results
In this section, we evaluate the performance of our schemes in terms of the end-to-end outage probability at the destination as function of the SNR = E b /N 0 for a number (K) of potential relays in phase II. It is also assumed that the amplitudes of the fading from each transmit antenna to each receive antenna are uncorrelated in the case of cooperative selection relaying scheme and Rayleigh distributed. Furthermore, we assumed that all receivers have the same noise properties. This implies that in all depicted figures, the noise power of all paths is the same. Further, we assumed that the receiver has perfect knowledge of the channels. Figures 1 and 2 depict the end-to-end outage performance and the corresponding asymptotic curves in LN networks as function of SNR for FSCR, DSC, respectively, where a relays cluster is located at different distances d from the source. Figure 3 shows performance comparison between FSCR and DSC schemes. All figures compare the analytical and simulation results for K = 2 and K = 4, respectively, for a targeted transmission rate R = 3 (bits/s/Hz). Figures 1 and 2 depict the end-to-end outage probability as function of the SNR for the FSCR and DSC schemes, respectively, where the relays cluster is located at d = 0.1 and d = 0.5, respectively. As given by Eq. (17) and (29) and are shown on the figures, FSCR scheme performs a full diversity order (K + 1) and at least an order of K for DSC scheme. Especially, it could be noted that the diversity order is K for the DSC scheme when the relay cluster is located at the mid-distance to the destination. In addition, It may be noted that the gap, between FSCR and DSC cures, is shrinked in low-SNR regime when d = 0.5. Based on Fig. 3 , the MRC gives the best possible outage performance but with higher complexity [19] .
V. CONCLUSIONS
In this work, we studied two opportunistic cooperation protocols namely fixed selection cooperative relaying and distributed selection relaying, based on DF transmission in a Rayleigh fading environment. We provided exact statistics, and as result, we presented the accurate outage analysis as well as the asymptotical analysis where the diversity order was deduced for each scheme. We performed several simulations to confirm our theoretical analysis.
APPENDIX
A. Derivation of Eq. (17)
It is straightforward to note that F γ sd (Φ) could be approximated by
Using Theorem 1 in the Appendix of [12] , F γsr * (Φ) could be approximated at high SNR regime by
Now, in order to show (17), we have to approximate the expression given by (14) , as 
